ABSTRACT -It was evaluated in this study the environmental effects on body weights of goat kids from birth to 150 days of age of Tunisian local goat population, on the basis of 1,656 records obtained from the Arid Areas Institute of Médenine, Tunisia, during 2001 -2005 . Except for birth weight, individual records were adjusted for standard ages (30, 60, 90, 120 and 150 days) using either extrapolation or interpolation on field data. Data were analyzed by GLM procedure and SNK (α = 0.05) means comparison test. The kidding year (2001)(2002)(2003)(2004)(2005), kidding month (December, January, February, and March), birth type (single and twins), sex (male and female), coat colour of kid and age of dam (2-10 years) were definied as non-genetic factors. Results showed that mean values and standard deviation (SD) of body weight at birth (0), 30, 60, 90, 120 and 150 days of age were 2.57 ± 0.52 kg, 4.06 ± 1.16 kg, 6.99 ± 1.87 kg, 8.90 ± 2.46 kg, 11.48 ± 3.35 kg and 13.53 ± 4.80 kg for male and 2.29 ± 0.44 kg, 4.76 ± 1.13 kg, 3.09 ± 1.33 kg, 8.08 ± 2.02 kg, 10.24 ± 2.36 kg and 12.15 ± 6.54 kg for female. The kidding year, birth type and sex had effect on body weights of Tunisian local kids at all ages. The single and male was always heavier than the twins and the females. The birth month had effect on all body weights except for weight at 30 days of age. The age of dam had effect on body weights from 60 to 150 days of age. However, the coat color had no significant effect on all body weights. Environmental effects estimated in this study are important and need to be taken into account for Tunisian local goat management and breeding improvement under harsh conditions. 
Introduction
Goat pastoral breeding plays an important role in increasing employment, capital income storage and improving household nutrition in the southern arid zone of Tunisia through the valorisation of the pastoral resources under hard conditions . Raising small ruminants does not require large management skill and it can be easily managed by families (Husain et al., 1996; Oliveira et al., 2010) . Local goat pastoral breeding mode remains a particular importance in the Tunisian arid region (Ouled Belgacem, 2006) , where more than 60% of the national goat herd estimated in 1,500,000 goats (DGPDA, 2005) is raised. Meat is the main product of the pastoral breeding mode of the indigenous goats (Kosgey et al., 2006) .
Regarding the birth season, the market requires ranges on the age of the kids between 4 to 8 months, which usually coincides with the summer period. Consequently, the improvement of the production of meat of kids during this early age has an important economic impact on the income of the ambulant herds . Under pastoral harsh conditions with restricted and irregular resources, goat productivity is highly influenced by non-genetic factors because of the extensive grazing management (Mahjoub et al., 2005) . In fact, arid zones are essentially defined by their food restrictions, climatic stress and conditions of instability (Ouni et al., 2008b) .
The genome of the kid acquired at fecundation defines the target mature size and the potential growing (WalkdenBrown et al., 1994) whereas environmental factors affect the genotype expression and modify the resulting phenotype (Knnan et al., 2006) . While the genotype remains invariable, non genetic factors vary during the productive life of the animal illustrating natural and technical fluctuations (Genandoy et al., 2002) . Like other animal phenotypes, growth curve parameters and shape are changed by all factors affecting the growth rather than the individual genetic potential differences (Bocquier et al., 1998; Oltenacu, 1999; Najari et al., 2007a) .
Under arid conditions, in addition to the non-genetic factors, classic effects, a specific qualitative action upon growth of kids was verified (Najari et al., 2002) . Stresses and restrictions can avoid the genetic potential expression even for rustic populations. By establishing a breeding plan or estimating genetic parameters, statistical model should correctly take into account all environmental effects and interactions (De Lange et al., 1998) . The main objective of this study was to research the effects of environmental factors upon the early growth of Tunisian local goat under the Maghrebian goat management systems.
Material and Methods
All studied animals belong to the goat experimental herd of the Arid Areas Institute of Médenine Tunisia (33°30' N and 10° 40' E), which is located in southeastern Tunisia, between the mountains of Matmata and the Mediterranean Sea. This region is characterized by an arid continental Mediterranean climate, with irregular precipitations with an average annual rainfall of about 200mm. Summer is normally the hottest and driest season with a maximum temperature of 47°C .
The Tunisian local goat population is very polymorphic (Najari, 2005) , but it is generally characterised by its small body size with average height of 76 cm for the male and 60 cm for the female (Ouni et al., 2008a) . This local goat breed is famous for its walking ability, resistance to hydric restrictions and high temperature stresses and good productivity in harsh conditions. The native goat is hairy and basically black, with the fertility rate of about 87% and prolificacy rate of 110%-130% (Najari et al., 2007b) . The kidding season is concentrated in the period of OctoberFebruary, with a concentration in November-December, but with a polyestric capacity (Najari, 2005) .
A total of 1,656 records were collected from 276 local kids born between 2002 to 2005 through a periodical weighing program from November to August. Individual data file contains the following records: identification of doe and kid, coat colour, birth type, birth day, sex, birth weight, body weights and weighing dates of each kid and the age of the dam at kidding. Body weights were recorded every two weeks with a precision of 0.05 kg using the regular method, and then adjusted to the body weights at 30, 60, 90, 120 and 150 days of age by extrapolation as described by Ouni (2006) . The year of birth (2002) (2003) (2004) (2005) , kidding month (January, February, March and December), birth type (single and twins), sex, coat colour of kid and age of dam (2-10 years, both included) were analysed as fixed effects.
The data were analyzed using the SAS package (SAS, 1999) . The direct effects of the non-genetic factors on the body weights at different ages were obtained by an ANOVA analysis using the PROC GLM according to the following model: Yijklmno = μ + Bi + Mj + Ak + Sl + Tm + Pn + εijklmn where Yijklmno is a single measurement of body weight of the individual; μ = overall mean; Bi = effect of birth year i; Mj = effect of kidding month j; Ak=effect of the age of the dam k; Sl=effect of sex l; Tm = effect of birth type m; Pn =effect of the coat color pattern n; εijklmn = random error assumed to be normally and independently distributed. The meaning of SNK is that the comparison test (α=0.05) was performed to diagnose the inter-classes homogeneity for each non-genetic factor. In cases where the effect of the factor was significant a pos hoc mean homogeneity Duncan test was implemented to define the concrete responsibilities of the differences in the levels of the factor. Double interactions among factors resulted no significant and then removed from the model to simplify the calculation process. Data set did not permit to obtain solutions to triple interactions.
Results and Discussion
The body weights at different ages varied significantly with regarded to kidding year, birth type, and sex. The birth month showed effect (P<0.01) on all the body weights except at 30 days of age. The age of the dam also showed effects (P<0.01) on the body weights from 60 to 150 days of age. However, the effect of the coat color was not significant for all body weights.
These results were in agreement with the local literature reports (Gebrelul et al., 1994; Gbangboche et al., 2006) . Djemali et al. (1994) mentioned that sex, birth type, age of dam, kidding year and ram effects are important sources of variation for growth traits from birth to 3 months of age. Likewise, all studies performed on goat growth data concluded that phenotypes of the kids were significantly influenced by environmental factors, especially under arid harsh conditions. In fact, the hard and irregular climate largely varied the stress and restriction effects, which modulate the growing behaviour of animals (Najari, 2005) . Portolano et al. (2002) concluded that the non-genetic factors were found to be significant for body weights at birth, 15 and 60 days of age. For body weights at 30 and 45 days of age, only the year and birth type effects were found to be significant.
The mean value of body weight at 150 days of age is almost as five times as much the body weight at birth (Table 1) . According to Ouni (2006) the animals from this population have approximately 83% stature of an adult at this age. Indeed, our findings demonstrated that only 4/5 of the adult body mass is reached at 5 months age. MorandFehr (1981) announced that birth weight of a kid primarily depends on the body conformation and size of their parents. In fact, the body weight of the dam and the birth weight of their kids have positive correlation coefficient irrespective of the litter sizes (Morand-Fehr, 1981) .
The growth of the kids stagnates in the summer season, which coincides with the age of 4 or 5 months according to the kidding season (Najari, 2005) . This aspect can be considered as an adaptative strategy to the different management modes and growth conditions of pastoral breeding under arid conditions (Le Gal Planchenault, 1993) .
The most important period of growth seems to be the first five months of life, when the growth rate of the kids produces the main part of the adult meat mass (Ouni, 2006; Najari et al., 2007a) . In addition, it has to be emphasized that the considerable diversity found in all the reference ages tested in the population as demonstrated in the ANOVA results is explained by the intra group large variability characteristic of populations raised in large irregular zones (Pariacote, 2003) . Effects of year and month of birth result from the variability of climatic conditions, which influence the forage availability to dams that in turn influence their milk production (Najari et al., 2007a) .
The kidding year showed a high effect (P<0.01) on the body weights of the kids from birth to 150 days of age. Ndlovu & Simela (1996) obtained similar results for goats from Zimbabwe. Najari et al. (2007b) also mentioned an influence (P<0.05) of the kidding year because of annual variations, which may be due to the variant productivity of the range lands.
The scarcity and irregularity of precipitations, as hot and cold oscillations, are the main natural factors affecting the growth of the animals, especially in young kids. Year oscillations characterize the arid environment, affecting the feed availability which is the main reason for the year effect on variability Najari et al., 2007a) . The importance of the year effect on the growth performances under difficult conditions has been highlighted by other reports (Alexandre et al., 1997; Zhang et al., 2006) . Ndlovu & Simela (1996) days of age than those born in the hot wet season. The kids born in the hot wet season are lighter than those born in the rest of the year. The month of birth has a significant effect on the body weights from birth to 150 days of age (Table 2) , except for 30 days of age, which coincides with the results reported by Wenzhbong et al. (2005) . Similar seasonal effects have been found by other authors (Nadarajah et al., 1995) . This could be explained by the same argument mentioned for the year effect. Al-Shorepy et al. (2002) indicated that the season of birth effect was not significant for birth weight. The effect of the month is caused by different feeding conditions generated in each season by irregular climatic conditions, especially in the arid areas . Pastoral resources change very much from one month to another, and for the same month from one year to another, thus directly affecting the intake of the kids and indirectly the milk production by the dams (Sajlu et al., 1999; Najari et al., 2007a) . Zhang et al. (2008) reported that the weight variation for Boer goat in different years and seasons might be partly explained by differences in management and sample size.
The age of dam showed no effect (P>0.05) on the weights at birth and at the age of 30 days (Table 3) . Different results were obtained by Wenzhbong et al. (2005) and Djemali et al. (1994) .
The age of dam acts primarily by the variation of the mother dairy production according to the number of lactations (Najari, 2005) . But this effect is probably more related to the lactation length than to the daily production; it is demonstrated by the no significance found for this effect on the weights at birth and at 30 days of age, just when all does are covering the demands of the kids. Djemali et al. (1994) has previously observed that growth traits increased with the age of dam up to 5 years of age, and they decreased in later ages. Another explanation of the mother age effect on the kids weights after 60 days is the high relation between milking ability and body size in this population, specially when lower body size is due to a praecox mating (Nadarajah et al., 1995) .
Portolano et al. (2002) also reported that the age of dam had a significant effect on the pre and post-weaning growth period between 0 to 15 days of age and between 45 to 60 days of age, respectively, whereas it was not significant in the weaning period (between 30 and 45 days old). Kids born from older goats were heavier at birth but not in the case of goats above 8 to 10 years of age. Despite of this Al-Shorepy et al. (2002) did not find any significant effects of the age of dams at kidding for all traits.
The body weights from birth to the age of 150 days for males are all significantly heavier than those for females (Table 4) 2.43 ± 0.323a 5.16 ± 1.009a 6.98 ± 1.546ba 8.60 ± 2.274ba 10.76 ± 3.024a 13.19 ± 3.371a 5 2.50 ± 0.366a 4.81 ± 1.044ba 7.20 ± 1.784ba 8.84 ± 2.344ba 11.03 ± 3.302a 13.30 ± 4.112a 6 2.50 ± 0.398a 4.67 ± 1.116ba 6.65 ± 1.728ba 9.05 ± 2.140a 11.94 ± 2.848a 13.30 ± 3.102a 7 2.51 ± 0.278a 4.07 ± 1.002b 6.14 ± 1.231b 7.48 ± 2.281b 10.34 ± 1.734a 13.77 ± 3.102a 8 2.23 ± 0.417a 4.05 ± 1.765b 6.24 ± 2.094b 7.56 ± 3.522b 10.55 ± 3.500a 10.94 ± 2.712a 9 2.56 ± 0.364a 5.13 ± 1.351a 7.46 ± 1.776a 9.19 ± 2.299a 11.22 ± 2.610a 13.11 ± 3a 1 0 2.34 ± 0.445a 4.62 ± 1.150ba 6.04 ± 1.254b 7.62 ± 2.145b 10.05 ± 2.831a 12.44 ± 3.187a other authors (Gebrelul et al., 1994; Ugur et al., 2004; Najari, 2005) . However, Ndlovu & Simela (1996) observed that the sex of kids did not affect body weights and growth rate from 90 to 180 days of age. Furthermore, the weight gap between males and females becomes larger as they become older, which is consistent with the reports by Hary & Schwartz (2002) . These growth advantages of male kids recorded in this study are comparable to those reported for other goat breeds (Husain et al., 1996; Al-Shorepy et al., 2002) . The superiority of the males on females may be explained by the precocity of the male. The sexual dimorphism in favour of males in body growth found in this paper is a common characteristic expressed in mammals, but in domesticated populations the level of dimorphism is closely related to the degree of selection developed on the population. A high sexual dimorphism as this one found in this study is common in the primitive unselected breeds. This dimorphism is present throughout the life of the animals, but it increases proportionally from birth to adulthood, when the weight is about 35 kg in the female and 55 kg in the male (Chriha & Ghadri, 2001) .
The effect of birth type on the body weight of kids at different ages was significant (Table 4) . Single kids are always heavier than twins. Hary & Schwartz (2002) reported that the single-born kids were found to be significantly heavier at all ages than twin-born kids. They also observed that the discrepancy in body weight of twins initially increased from 7% at birth to 22% at weaning. Portolano et al. (2002) showed that much of the variation in birth weight was associated to the type of birth, single birth was heavier than multiple born kids (Gebrelul et al., 1994) . Alexandre et al. (1997) indicated that the difference between the single and twins could reach up to 15%.
This variation can be partially explained by insufficient maternal production of milk to satisfy the requirements of more than one kid under hard conditions and forage scarcity. The disadvantage of the twins on the following weight growth may also result from weaker birth than the single (Sacker & Trail, 1996; Gromela et al., 1998) . Birth weight of kids is regarded as one of the most important contributory factors for survival and for improving growth performances (Husain et al., 1996) . Zhang et al. (2008) reported that the growth advantage of single born at birth might result from less competition for nutrition supply from the dam in gestation period than the multiple birth ones.
Anyway, no differences between single and twin animals have been reported in adult weights. This can be explained by the compensatory growth in the older periods of growing.
Conclusions
Most of the non genetic effects tested in the present study are very important on body weights of kids during early age under Tunisian arid conditions, such as kidding year and month, sex, birth type and the age of dam. As this is one of the first studies on body weight of commercial kids developed in the North-African region, its findings can be used as a model to design regional policies on breeding, animal production and commercialization in this region. 
